Summary.
The fine structure of filiform papillae on the normal human tongue was examined level by level, from the basal layer to the surface, in specimens taken from the dorsal side of the lingual body. Human lingual epithelia showed three distinct regions: epithelia on the anterior and on the posterior sides of filiform papillae and an interpapillary epithelium.
While the basal and the squamous cell layers were similar throughout these three regions, differences were noted in the granular and the horny layers. The interpapillary epithelium actually lacked both the granular and the horny layers. The epithelium on the anterior side of filiform papillae was characterized by alternating layers of granular cells and of cornified cells. Granular cells possessed three types of keratohyaline-like granules within their cytoplasm: uniformly electron dense, relatively less electron dense, and a heterogeneous type. While the number of the keratohyaline-like granules was remarkably diminished in the epithelium on the posterior side of filiform papillae, a considerable amount of tonofibrils was present in the cytoplasm. In the uppermost portion of the anterior side of filiform papillae, coherence between adjacent epithelial cells depended mainly on the interlocking of cytoplasmic villi and poorly developed desmosomes on villi. On the other hand, epithelial cells on the posterior side of filiform papillae appeared to be more tightly adhesive compared with those on the anterior side. This was due to focal thickening of the plasma membrane and to desmosomes at the interface between the granular and cornified cells, and to the formation of a marginal band and increased intercellular cement presumably derived from lamellar bodies in the horny layer. These findings demonstrate distinct differences between the anterior and the posterior sides of filiform papillae in the human tongue with respect to keratinization patterns, structures associated with cell-to-cell adhesion and the strength of cellular cohesion in the uppermost portion, and the turnover of cornified cells. These differences may contribute to the formation of the unique external configurations of filiform papillae.
The fine structure of lingual epithelia has been studied in various species of animals (KATO and KUSHIDA, 1965; KUBOTA et al., 1966; FARBMAN, 1970; CANE and SPEARMAN, 1969; GREENBAUM and PHILLIPS, 1974; HUMS and POTTEN, 1976; FERNANDEZ et al., 1978; SINGH et al., 1980; BOSHELL et al., 1980a BOSHELL et al., , b, 1982 HOFER,1981; KRAUSE and CUTTS, 1982; STERFLICK et al., 1983; MACKENZIE and BICKENBACH, 1984; MACK-ENZIE and DABELSTEEN, 1987; OHMURA, 1988; KONDO et al., 1988; IWASAKI and MIYATA, 1989, 1990; IWASA-KI, 1990 , IWASAKI et al., 1992 . These studies demonstrated that lingual epithelia vary to a considerable extent in morphology among different species, showing unique external configurations represented by the presence of various types of papillae. The morphological features of the dorsal surface of the human tongue have been hitherto examined primarily using light and scanning electron microscopy (SVEJDA and SKACH, 1975; DOUROV,1984; KULLAA-MIKKONEN and SORVARI,1985) . Whereas detailed descriptions of other parts of human oral mucosa epithelia, such as the buccal mucosa, have been reported at the transmission electron microscopic level (HASHIMOTO et al., 1966; SILVERMAN 1967) , there is little basic information available on the characterization of the normal human lingual epithelia at this level (LEE, 1973; SVEJDA et al., 1977; BOSHELL et al., 1980a) .
There are various pathological conditions in the human tongue, including inflammatory, infectious, keratinizing or neoplastic diseases. In addition, the tongue is recognized to provide clinically important diagnostic clues in some cutaneous and visceral diseases. Although pathological alterations of human lingual epithelia have been reported in several diseases of the tongue using light and electron microscopy (PLACKOVA and SKACH, 1975; SAMIT and GREENE, 1976; , a more accurate and fundamental understanding of the 253 normal structure of lingual epithelia is necessary to elucidate the pathogenesis of those diseases.
It is well known that the dorsal side of the human tongue has a complex structure with four distinct types of papillae: filiform, fungiform, folliate and vallate. Filiform papillae are densely distributed over the dorsal surface of the lingual body, and are particularly abundant towards the front (KELLY et al., 1984) . The main purpose of this electron microscopic study was to describe the morphological features of filiform papillae in the normal human tongue, from the basal layer to the surface, for a comparison with pathological changes of the tongue.
MATERIALS AND METHODS
Specimens were obtained from the dorsal side of tongues-which appeared normal on macroscopic examination-of five males and two females between the ages of 38 and 69 (mean age: 47). Informed consent was obtained from all individuals. From each subject, a wedge-shaped biopsy specimen was taken from the anterior part of the tongue apex between the central groove and the edge of the tongue.
Samples for light microscopy were fixed in 10% neutral-buffered formalin and embedded in paraffin. Sections, 4um in thickness, were cut, deparaffinized Tissues for transmission electron microscopy were immediately fixed in half-strength Karnovsky's fixa tive containing 2.5% glutaraldehyde and 2% paraformaldehyde in cacodylate buffer, pH 7.4. After rinsing in 0.1M cacodylate buffer, tissues were cut into small pieces longitudinally, directly from the apex to the root of the tongue. These were postfixed in a phosphate-buffered solution of 1% osmium tetroxide at 4C for 1.5h, followed by dehydration in graded steps of ethanol and embedding in Epon 812. One-um sernithin sections were cut and stained with toluidine blue to select appropriate areas for observation. 
RESULTS

Light microscopic findings
The dorsal lingual epithelium showed thorn-shaped filiform papillae which were uniform in size. 1) epithelium on the anterior side of filiform papillae, 2) epithelium on the posterior side of filiform papillae, and 3) the interpapillary epithelium ( Fig. la) . Basal cells of epithelia in these three regions formed a single columnar layer, and had a deeply basophilic cytoplasm and dark-staining oval or elongated nucleus. An apparent transition was evident with the suprabasal cells, which had basophilic and flattened cytoplasm, to become pale, vacuolated cells, especially in interpapillary epithelia (Fig. 1b) . Cells in the lower portion of the squamous cell layer often contained round, basophilic, intracytoplasmic granules (Fig. 1c) . Granular cells of filiform papillae were relatively larger than these, and contained a number of keratohyaline-like granules. Filiform papillae showed superimposed keratinized cells in the horny layer where the retention of nuclei was often observed. Granular and cornified cells were absent in the interpapillary epithelium (Fig. 1a, d ). The lingual epithelia were diastase-labile PAS-positive, indicating their being glycogen-rich.
Transmission electron microscopic findings
The three different regions of the dorsal lingual epithelia mentioned above were distinguishable also at the ultrastructural level, i. e., epithelia on the anterior and on the posterior sides of filiform papillae and the interpapillary epithelium. These epithelia could be differentiated into five layers: 1) the basal layer; 2) the lower squamous layer, composed of flattened, electron-dense cells; 3) the upper squamous layer, characterized by cuboidal and relatively less electron dense cells; 4) the granular layer, containing keratohyaline-like granules., and; 5) the horny layer, composed of keratinized cells. Ultrastructural features of cells in the basal and the lower squamous layers were similar in the anterior and the posterior sides of filiform papillae and in the interpapillary region ( Fig. 2 ). Basal cells were arranged with the long axis perpendicular to the basal lamina. Each cell had a large, irregular-shaped nucleus with a peripheral concentration of chromatin. Numerous slender villous cytoplasmic projections were distributed around virtually the entire perimeter of each cell. There was an abundance of free ribosomes, sparse tonofibrils, and small numbers of mitochondria, endoplasmic reticula and Golgi complexes. Intercellular spaces were minimal, and adjacent basal cells were linked by desmosomes (Fig. 3) . The undersurf aces of basal cells were connected with the basal lamina by half-desmosomes. Basal laminae were occasionally reduplicated (Figs 2, 4) . A minimal cell infiltrate, composed of neutrophils and macrophages, was encountered in the lamina propria subjacent to the basal lamina of the epithelium (Fig. 2) . Homogenous materials, usually surrounded by cytoplasmic processes of fibroblasts, were also frequently observed (Fig. 4) .
The lower squamous layer was composed of flattened cells with electron densities similar to basal cells. Those cells contained densely packed tonofilaments, large amounts of free ribosomes, small numbers of mitochondria and endoplasmic reticula, and dense aggregations of glycogen granules (Fig. 5) . Globular, droplet-like granules with homogeneously high electron density, ranging from 0.5 to 3um in diameter, were observed in cells of the lower squamous layer; these dense granules possessed no limiting membranes. The dense granules were surrounded by free ribosomes which were sometimes attached to the peripheral portions of these granules. No visible between those granules and tonofilaments were observed. Short villous cytoplasmic projections seen in basal cells were still recognized in this layer. The number of demosomes appeared to be increased in comparison with the basal cells (Fig. 6) .
The abrupt transition from the lower squamous layer into the upper squamous layer was evident, as seen by light microscopy. Cells in the upper squamous layer were significantly larger compared with those in the lower squamous layer. Nuclei appeared less electron dense, being round to oval shaped and located in the central area of each cell. Tonofilaments were sparsely distributed and were dispersed rather than stranded. The density of tonofilaments was remarkably decreased as compared with that in the lower squamous layer, a factor contributing to the difference in cytoplasmic electron density between the lower and the upper squamous layers (Fig. 7) . At the interface between these two layers, the thickening of plasma membranes of the lower squamous cells was observed, while the development of desmosome-tonofibril complexes was extremely poor. The plasma membranes between neighboring cells in the upper squamous layer cohered by tight junctions, but the number of desmosomes was decreased as compared with the basal and the lower squamous layers (Fig.  8) .
Above the upper squamous layer, remarkable ultrastructural differences in the epithelium were recognized between the papillae and the interpapillary area. The interpapillary epithelia lacked the granular and the horny layers. On the anterior side of filiform papillae, granular cells were relatively flattened but still large, and were oriented in an oblique anteroposterior direction (Fig. 9a ). Tonofilaments were sparsely distributed, primarily at the periphery of the cyto- plasm. In most granular cells, electron-lucent areas composed of amorphous, fine granular material, referred to as a "laking effect" (SILVERMAN, 1967) , displaced the tonofilaments and filled their cytoplasm, especially around nuclei. Three types of keratohyaline-like granules could be distinguished in granular cells: 1) globular granules with medium electron density; 2) polygonal-shaped, highly electron-dense granules; and 3) composite granules with medium and high electron density.
The composite granules appeared to be formed by the attachment of electron dense granules to the peripheral portions of less dense granules. The less dense and composite granules were relatively larger than electron dense granules, and bundles of tonofilaments often converged into these granules (Fig. 10) . Granular and keratinized cells showed an interlocking of their villous projections, and poorly developed desmosomes were observed between adjacent villi (Fig. 9b) . A small number of lamellar granules were present within granular cells. Keratinized cells in the horny layer on the anterior side of filiform papillae were remarkably flattened and occupied by densely packed filamentous structures composed of keratin fibers of high electron density. These keratinized cells contained small vesicular structures varying in size, which showed a multivesicular appearance. There was still a small number of desmosomes associated with tonofibrils between the granular and horny layers (Fig. 10) . Most keratinized cells in the uppermost portion of the horny layer were detached from underlying cells and appeared to be shed into the oral cavity. The detachment of those epithelial cells appeared to be associated with the disappearance of any interdigitation of villous projections between adjacent cells, as well as the disruption of desmosomes on cytoplasmic villi (Fig. 9b) . The surface of filiform papillae was inhab- ited with numerous bacteria (Fig. 9a) .
In contrast to alternating layers of granular cells and of keratinized horny cells in the anterior side of filiform papillae, the posterior side was composed of superimposed cornified cells (Fig. 9a) . The number of keratohyaline-like granules was significantly decreased as compared with the anterior side, while a considerable amount of tonofibrils was present in cytoplasm of most of the granular cells. The keratohyaline-like granules were small, round and electron dense, and were surrounded by free ribosomes. Less electron dense and composite granules were not observed. Membrane-coated, lamellar bodies in the granular cells were more numerous in comparison with the anterior side (Fig. 11a) . Keratin fibers occupied the entire cytoplasm in most of the cornified cells. Partial thickenings of plasma membranes and desmosomes were seen at the interface of the granular and the horny layers. The marginal band, which is the inner lining of cornified cells formed by keratohyaline granules (LEVER and SCHAUMBURG-LEVER, 1990) , as well as intercellular cement, was evident in cornified cells on the posterior side of filiform papillae. In addition to small multivesiculated granules as seen on the anterior side of filiform papillae, numerous electron-lucent, round vesicles were seen in cornified cells on the posterior side (Fig. 11b) .
In the uppermost layer of the interpapillary region, each cell was somewhat flattened but still large in volume. Non-keratinized cells retaining their nuclei Fig. 7 . A transmission electron micrograph of filiform papillae of a 69-year-old woman. The abrupt transition from electron dense cells in the lower squamous layer (LSL) into less electron dense cells in the upper squamous layer (USL) can be seen. Each squamous cell in the upper squamous layer has a large, round to oval nucleus (N) with a small amount of chromatin, and cytoplasm which shows randomly distributed fine tonofilaments. These cells pass over into the horny layer (HL) through the granular layer (GL) containing small keratohyaline-like granules (arrowheads). Note the retention of a nucleus (arrow) in a keratinized cell in the horny layer. Bar: 10pm and cytoplasm, with remnants of organelles and dispersed tonofilaments, were observed. Desmosomes could still be recognized between adjacent cells. The uppermost cell membranes formed many microridges (Figs. 12, 13) . Surprisingly, a small number of neutrophils infiltrated this area in some specimens (Fig. 12) .
DISCUSSION
In this ultrastructural study of filiform papillae in the normal human tongue, we have followed the sequence of levels from the basal layer to the surface. Shapes and structures of filiform papillae vary among different species, and it is speculated that such differences in the morphologies of filiform papillae may reflect thier phylogeny to some extent (IWASAKI et al., 1992) . Although some studies reported that epithelia of filiform papillae in several kinds of mammals are not morphologically divisible into anterior and posterior areas (BOSHELL et al., 1982; STER-FLICK et al., 1983; IWASAKI and MIYATA, 1990) , this study clearly demonstrates that human dorsal lingual epithelia show three distinct regions, i. e., epithelia on the anterior and on the posterior sides and the interpapillary epithelium. Previous ultrastructural observations have indicated that filiform papillae in most mammals, including primates (IWASAKI et al., 1992) , are formed in two different patterns of keratinization. Epithelia on the posterior side of papillae show hard, hair-like keratinization, while epithelia on the anterior side of papillae show soft, skin-like keratinization. Also in humans, the horny layer was the thickest in the epithelia on the posterior side of filiform papillae, as is the case in most mammals.
The epithelium on the anterior side of filiform papillae showed the presence of many keratohyaline-like granules and a thin horny layer which were coincident with soft keratinization, while the keratinization pattern of the posterior side was characterized by the presence of amount of both tonofibrils and electron dense keratohyaline-like granules.
Thus the keratinized surface layer on filiform papillae in the human tongue appears to be formed by unique dual patterns of keratinization. It has been reported using light microscopy that granular cells of filiform papillae in rats (FARIBMAN, 1970) , mice (CANE and SPEARMAN, 1969) and humans (BOSHELL et al., 1980a) contain both pale-eosinophilic and basophilic types of keratohyaline-like granules. Ultrastructurally, basophilic granules are highly electron-dense, while eosinophilic granules are less electron dense (BOSHELL et al., 1980b) . We found three types of granules within granular cells, i. e., a uniformly electron dense type, a less electron dense type, and a heterogeneous type, which agrees well Note that an amorphous, electron lucent material, which is referred to as the laking effect (LE), is displacing the fibrils in the granular cell. Also note many vesicular structures (V) with a multivesicular appearance, and an amorphous material in the intercellular space in the horny layer (HL). Bar: 5um. with observations by MANABE and O'GUIN (1992) . They demonstrated that composite granules contain both trichohyalin and filaggrin, using double-labeling immunogold electron microscopy.
The composite granules were designated keratohyaline-trichohyalin hybrid granules, since filaggrin accumulates in keratohyaline granules and trichohyalin is a major constituent of trichohyalin granules, which are a unique feature of hair follicle differentiation. The colocalization of filaggrin and trichohyalin was also demonstrated in nail matrix cells, thymic corpuscle epithelia, and neonatal foreskin epidermis, as well as in the granular cell layer of hyperplastic epidermal diseases, including psoriasis and epidermolytic hyperkeratosis (O'GUIN and MANABE, 1991; MANABE and O'GUIN, 1992 DHOUAILLY et al., 1989; O'GUIN and MANABE, 1991; MANABE and O'GUIN, 1992 This differs from the epidermis of the skin, where a gradual increase in the number of tonofilaments within the cytoplasm is seen from the basal layer to the surface, and these two different cell populations in the squamous layer may be important morphological features of the human dorsal lingual epithelia. At the interface between the lower and the upper squamous layers, actual thickening of the plasma membrane is recognized, while desmosomal attachments are poorly developed. Interestingly, we observed intracytoplasmic granules in the lower squamous layer which were droplet-like and electron-dense, while such granules are not present in the upper squamous layer. Some granules were surrounded by adundant free ribosomes. Two types of keratohyaline granules which differ in their morphogenesis are known. One type originates from the complex of tonofibrils and keratohyaline substances (FUKUYAMA and EPSTEIN, 1967) , while the other originates mainly from the coagulation of ribosomes (FUKUYAMA and EPSTEIN, 1967; IWASAKI and MIYATA, 1989, 1990; IWASAKI at al., 1992) . It is possible that the electron dense granules in the lower squamous layer are keratohyaline granules of ribosomal origin, and that the thickening of plasma membranes between the lower and upper squamous layer might be dependent on keratinization processes. Taking into account minimal intercellular spaces and the presence of numerous desmosomes in the lower squamous layer, the layer may play an important role in some barrier functions of the tongue, such as permeability or the absorption of materials through the tongue.
The interpapillary epithelium bears an ultrastructural resemblance to buccal mucosal epithelium (HASHIMOTO et al., 1966; SILVERMAN, 1967) , including the absence of granular cells containing typical keratohyaline granules, large amounts of glycogen granules, short villous cytoplasmic projections, poor development of tonofilaments, and nuclei-retaining, non-flattening cells in the uppermost layers. There are, however, several ultrastructural diferences between the interpapillary epithelium and the buccal mucosa. In the upper squamous layer on the buccal mucosa of the human oral cavity, HASHIMOTO et al. (1966) reported a wide variety of intracytoplasmic granules, including membrane-coating granules, which are small, dense granules occasionally with delimiting membranes, and large multivesicular dense bodies thought to be lysosomes. However, none of these were encountered in the human lingual epithelia. In addition, the interpapillary epithelia on the human tongue showed desmosomal attachments even in the uppermost layer, while no desmosomes were noted in the upper strata of the buccal mucosa.
In sum, the present study has used transmission electron microscopy to characterize three distinct regions of the human lingual epithelia, which show a range of morphological differences from one another, and which provide a morphologic basis for further study and interpret interpretation aion of pathologic changes in the human tongue.
